GUIDANCE FOR REGULATORY EVALUATIONS:

A HANDBOOK FOR DOT BENEFIT-COST ANALYSIS

U.S. Department of Transportation
Office of the Assistant Secretary for Policy
and International Affairs
Office of Industry Policy

April 1982
Revised April 1984



I.
11,

- . TABLE OF CONTENTS

Introduction 1;:h

Problem Statements, Assumptions, and Alternatives 3

A

111,

Iv.

B.
c.
D.

Statement of the Problem 3

Statement of Assumptions 4

Choosing the Proper Level of Analysis 4
Identification of Alternatives 5

1. Definition of the Base Alternative &
2. Generation of other Alternatives 6

Estimation of Benefits and Costs 8

A,

B.

_Elements of Impact Analysis 8

1. ldentification of Impacted Groups 8

2. Types of Impacts 9

3. Categorizing Impacts 9

4. Types of Measures 9

Estimation 11

1. Costs 11

2. Benefits 12

3. Conventions for Calculation of Costs and Benefits 12

Evaluation of Benefits and Costs 13

A,

B.

V.

A Checklist for DOT Regulatory Evaluations 26

References 28 . .3

Basic Evaluation Techniques 13
Comparison of Benefits/Costs 17

1. Calculation of Present Value 17

2. Constant Dollars 17

3. Treatment of Uncertainty or Risk 18
4, Sensitiv1ty Analysis 19

Presentation of Resulis 21

A.

H

L}
.

Expressing Results 21 ) .,

1. Numerical Benefit-Cost Analysis 21 .

2. Cost-Effectiveness 23 ; N

3. Tradeoffs {nvolving Non-Quantifiable or Hon-Cmnnensurcb1e
. Benefits or Costs 23

4. Impacts on Different Groups 24 .

Organizing the Report 24



_—re e et a0

L

Appendixes _ o
1. Executive Order 12291 - Federal Regulations

2. Interim Regulatbn;-lmpact Analysis Guidance

3. Conventions for the Calculation of Costs and Benefits .
4. OMB Circular Ko, A-94

5. An Apprbach to Risk Assessment Methodology

Tables
Table 1. I1lustrative Impact Components and Heﬁsures 10

Table 2. Example, Benefit-Cost Summary 14

Table 3. Ranking of Countermeasures by Decreasing Cost Effectiveness 15
Table A-1 Examples pf'Monetary Conversions A-7



I. INTRODUCTION
Those operating administrations of the Departmeﬁt of Transportation which ~

are charged by law with some regulatory functions must assure that the

_regulations that are developed, evaluated, and adopted can be fully justi-

fied. It must be adequately demonstrated that not only do the benefits

‘of any proposed or existing regulation warrant the costs to various groups,

but that it is superior to competing alternatives for achieving the desired

goal.

fhis handbook has been brepared io provide guidancé to the professional
staffs engaged in these activities. The methodology for analyzing and
appraising regu1atqry impacts can seldom be applied im direct "cookbook®
style, because of the lack of data, the inability to measure, or the multi-
plicity of objectives and impacted agencies that permeate most transportation
applications. In practice the analyst engaged in cost-benefit evaluations
must often apply the methodology in an interpretive fashion using available
techniques.

There is a staﬂﬁard set of elements or components that are required
for any technically-pro?icient cost-benefit analysis. Proper attention
to these elements will make the final decisfon better and more defensible
in the rule-making ﬁrocess_itself and . arough the.;bqpired c1ear9nce‘pﬁbcess.
It will also allow senior ﬁfficials and decisionmakers the meaﬁédof raéidly

assessing thg rule's implications and assuring them.that all 1mportant;f;

"issues have been considered, . - e e

. . - . £t
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The purpose of this guidgnce iE tb assure that all DOT regulatory -
evaluations are dofe with a ébnsistently high Tevel of quality -- that

they involve the requisite procedures for selecting alternatives, types

of impacts, discount rate, price base, dollar conversion values, period

of analysis, estimates of costs and benefits, ranking indicators,. and

- sensitivity studies.

-

The sequence in which these components are addressed 1n an analysis
is generally the sequence in which they are treated in this handbook,
and the table of contents can serve as a suggested procedpraI out1ing.
The checklist at the end of the handbook can serve as a useful reminder

that key sieps have been taken.

v,
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11. PROBLEM STATEMENT ASSUMPTIONS AND ALTERNATIVES

A. Statement of"the Problem

The probiem statement should concisely fdentify the concerns -- one

or more -- that need to be remedied. It should explain why they cannot

be corrected through market forces, and why the regulatory action {s
Justified and will achieve the cited public goal. Care must be taken
not to define the problem too broadly {making it difficult.to target the

ragulation) or.taa narrowly {risking non-solution of the probiem),

The problem statement should usually finclude a background statement
which describes the issuat. context, and 1mplicatians of the problem‘
statement. _The background statement should include such consideratfons
$h_:f1ef history of the problem and past efforts -to deal with it,
including any present regplations which are to be reviewed; the extent
to which the immediate problem is part of a larger problem; constraints
which have worked against a solution; the effect of trends and changing
technology; the consequenca of the problem tf not correctad; and groups

which could suffer-adverse effects from a change.

The analysis should c¢learly state the objecttxes of any existing regula-

tions and any proposed action or actions. Regu1at6ry ohjectivas are to.
be chosen to maximize the net benefits to society (see Executive Ordar

12291, 1nclyged as Appendix 1}. Objectives of a regu1at10n may be one-

-

timg or continual. They are sometimes specified in the 1egis1ation mandating
P
devetopment of particular regulations. More often, the objectives are f?'

(
stated in very genera1 terms. Teaving the 1nterpretation of the objectives
up fo, the agency. T L y ;
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B. Statement of Assumptions ’ - - -

When data are‘Tacking or uncertain. or when it is necessary to limit

the scope of an analysis, assumptions may be made to facilitate the analysis.

nssumptions. while not absolutely verifiable, should be reasonable, logically
credible, and supportabIe in comparison with alternat{ve assumptions.

Since assumptions underlying cost and benefit estimates are subject to
challenge, it is important to retain all relevant information underlying

an assumption in a form useful fen future reference.

C. Choosing the Proper Level of Analysis

Since problems and regulations differ considerably in terms of cests
and controversy, the appropriate level of analysis shoﬁid also differ.
Specifically, the level of analytic sephistication should depend on:
(1) the intensity of public and Congressional interest and controversy;
(2) the magnitude of costs and benefits accruing to various impacted groups
and to the nation as a yho!e; (3) the time, manpower, and budget resources
available for the analysis: and {4) data availability and cost of collecting
additional data. ﬁaviously. more effort should be spent analyzing a regulation
which is controversial or imposes heavy costs on. ;onsumers. industry,
or government than on a regulation uhich {s not controversie! or cost1y
to any group or to the nation as a uhole. For example. an economic assessment
for an 1n1t1a1 screening of an existing negu1ation. to determine if chenges
are_needed. ‘need not be as sophisticated es one required for an assessment -
associated with a ruTemaking. A Regu'latory Impect Ana'lysis is the mst r;/ -
stringent 1eve1 of assessment 1nter1m guidelines for conduct ing such -
an eqa1ysis. 1ssued by the Office of Henagement and Budget, are contained

in Appendix 2.
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An evaluation can. be quite informative even if it does not quantify -
or monetize all sfgnificant effects in great detail, provided that such effects
are recognized and assessed qualitatively. For example, an uncontroversial
oegulation concerning the location of side lamps on trailers may only
require a simple threshold analysis, while the analysis of a controversial
notse reduction regulation involving major aircraft design changes would

be substantially more complex.

Whichever level is chosen, the quality of the analysis should be
sufficient to convince a reasonable and unbiased critic that any regulation
selected for implementation is worthwhile to the nation ae a whole. Refine-
ments at varfjous levels can include better data, improved estimates of
costs and benefits, expanded impacts, more alternatives and impacted groups,

sensitivity studies, and other considerations. When a formal Regulatory

Impact Analysis is required, combining it with other required assessments

(Regulatory Flexibility Analysis, éIS) in one document 1s permitted.
D. Identification of Alternatives

The search for -and development of alternatives is more of an art than
a science. Nevertheless, no reguTatony analysis can be viewed as complete

un]ess it can be demenstrated that the proposed or existing regulation

‘e

adopted is the best alternative among a11 reasonable regulatory eno non-
regulatory a1ternat1ves. Considerable judgment is required to determine
how many and uhich alternatives to use 1n1t1a11y. and how to modify the _
number and types of alternetives as the 1moect evaluation is gradua1ly . ;é;éi‘
refined. Tmprovisfng al:ernatives too hastily or selecting too few alternatfves
can resuIt in over?ooking the best solution, while selecting too many ‘

‘4

e?ternetives can result 1n excessive time required for analysis.
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1. Definition of thé éase Alternative.  The ?irst step in the

tdentification of al;e?nﬁtiveé is to define the "base alternative® against
which all other a1te}5at1§es will be compared. The base alternative normally
w Jresents an estimate of the situation if there were no Federal regulation “
in place now and in the future, The base alternative for DOT regulations
often represents the industry standard in the absence of government regulation,
but it could aiso represent a'sjtuation in which state or local regulation
would prevail. In any event, the base alternative is the standard against
which the incremental costs and benefits of all other alternatives should

be measured.

2. Generation of Other Alternatives. The next step is to seek, develop,

- and define one or.more alternative actions (including retention, modification,

or rescission of an existing regulation) that uou1d'mitigate or eliminate -
the concern being addressed. The initial alternatives can differ in only
one simple feature such as 1mp1ementation'time, scale, or 10Eation, if

these are the only significant and relevant variations. They can also

differ in more fundamental ways, including market-oriented means of achieviﬁg
the solutton, such as proé%ding better informatfon and labeling, changing
insurance programs, adopting new juridical approachés, using 1ﬁnovative
technology, or intri..jucing new economic incentives aﬁa disincentives in

the form of ?ees, charges, or marketable permits. The alternatives do ”JT“
not necessarily have to be in DOT's power t& implement. Institutional )
or lefA1 constraints, such as agency jurisdi¢tion, should not autqmgtiE;ilf
precTude otherwise uorthy a1ternat1ves. The altéiﬁatives may a]sa.differ L~
in levels of stringency, to take-&nto ‘account the size and nature of the
organizations beting regulated e. g.. one alternative for facilities located

in rural areas and another for those in urban areas. ;
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When an existing regulation is under feview.iit shou'ld normally be -
considered one of-%he-altérnafives in the set, instead of the baseline,
to assure that the cost of the existing regulation {s assessed. An optional
abproach 1slto use the existing regulation as the baseline and to assess

its cost by defining the "no-regulation® situation as one of the alternatives.

As more and better information becomes available, 1t should be used
to refine alternativeé. The quality and number of alternatives under
consideration can change as the an;Iysis {s refined.  Typically, however} .
severa) alternatives should be fdentified and simultaneously evaluated

before considering changes in the set of alternatives.
' L

The discussion should indicate constraints on any of the proposed
alternatives; these constraints could be institutionat, political, sociological,
or legal, including any.legislative mandate under which a proposed regu1ation’
is authorized or required. Such constraints should be carefully considered,
since they must not be so overstated as to ﬁredispose the solutfon or

rule out solutions which would be feasible if legislation were changed.

~

Frequently, some alternatives may be rejected prior to a detailed
analysis so that attention can be fo&hsed‘on the most attractive alte;natives.

Some justifications for eliminating aite:natives are: _clearly upfavoraﬁle

nationally aggregated impact; exorbitant cost; or severe 1mp1ementatioui"

difficulties,. A1l alternatives considered; even those redected,5shou1dif

i

be recorded with their pros and cons. - . L o -Ji;7
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1. ESTIMATION OF BENEFITS AND COSTS -

Benefit-cost anaTysis in its broad 1nterpretation {s the process by
which all significant impacts, including those that cannot be guantified,
efe taken into account and arrayed in an orderly fashion to facilitate
good dectsfonmaking. The impacts of any alternative can take many forms,

ranging from investment costs to environmental and eesthetic effects.

A. Elements of Impact Analysis

1. ldentification of Impacted Groups. In order to properly assess
the impact of regulatory a]terﬁatives. the analysis should take into account
any significantly impacted group(s), including the general-pub1ic. buéinesses,
Federa) government, State/local government, and.others. The recently
enacted Regulatory Flexibility Act requires consideration of impacts on
small entities (small businesses, small governments, and small organizations).
The positive and negative impacts on each affected group and on the nation
as a whole should be {dentified, arrayed, and assessed in the decisionmaking

process.

Any group shodﬁh be’ further disaggregated into lower level groups
whenever there {s evidence of significant differentiaT effects within
the group, 1.e., whenever an’ eIternative may affect different iubgroups
in significantIy different ways. Examp1es uou1d be the d1fferent1etion
between high and low income groups. consqurs and 1ndustry, new-car buyers '
and=gsed-car buyers. Thus, the appropriate number and definition of groqps )
will vary from proelegito problem. .. o 4&*

= . S . . -
B’ - 7

.y ” -
. b ™

-
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2. Iypes of Impacts. Table 1 contains a check11st of types of effects~

which may be usedas a starting point to identify 1mpact in the evaluation
of transportation projects. The 1{st in Table 1 s 11 lustrative, since
any specific problem could lead to consideration of additional or fewer

impact components.

Due to its broad definition, "impact® is open-ended, and as the analysis
proceeds, there will be recognition that additional impacts must be included
in order to fully differentiate aﬁohg-a]ternatives. Care must be exercised
not to disregard an effect (such as air pollution) just because it is
difficult to assess. In the review of an existing Eegu1ation. the consequences
of having no regulation should be considered (such as existing or poteﬁtia?
market,'juridica1. or state and Tocal mechanisms that would function {nstead,

as well as costs of rescinding the regulation).

3. Categorizing Impacts. In general, any positive impact is termed

a benefit. while any negative impact 1s termedAa cost. Cost-savings could
be termed either a benefit or a negative cost; similarly, negative impacts
such as environmenfii damage could be either a cost or a disbenefit.

Using negative numbers appears to be overly complicated. “and 1t is suggested
that the simpler approach originally stated be used; In any case, the .,
results should not be affected by the categorization if the analysis 1s
done properly. .

4. Types of Measures. Any evaluation ‘would be simplified 1f aII-?"‘

]

readiiy expressed in monetary terms. However, in most analyses there

of the’significant impacts of the alternative being<an31yzed cou]d be

may be a mix of different types of 1mpact, as fe11ows.

|
] Impacgs which ere already in monetary terms ( e.9., construction
' costs
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Tabte 1. “Iustrative Impact Components and Measures

L .

impact ] B ;_" _*“ Non-Dollar Impact MeasureZ’
1. Investment (including Divestment sar
- and Salvage) in Land, Improvements,
Machinery, etc.
2. Expense and Revenues (User

Charges, Materials, Labor,

Rentals, Maintenance, Repairs,

Sales, Taxes, Loan Receipts,

Loan Payments, Subsidies, etc.)

Environment - Number of people exposed to various
kinds and levels of poliution; polluti
outflow

4, Persona) Safety Number of fatalities{'numbér-.
and severity of injuries
-
5. Energy Energy usage {gallons, BTUs)
6. Property Damage
7. Passenger Time ' Passenger-hours delay for
various modes.
8. Cargo Time Ton-days delay.
9. Foreign Exchange '
10. Paperwork Burden .,
11. Training and Education _
s
12, Labor ‘e
13. Other (Comfort, hesthetics, etc.) ‘ - )
1/ Impacts V<2 represent conventional accounting cIaSsificat1ons,'uhile'f{: .
the other impacts (except Foreign Exchange and Property Damage) are . ¢

often not well represented by cash flows. Since the impacts are .

soméwhat inter-dependent and overlapping, care must be exercised

to properly ‘account for all significant effects. ’, .

2/ DoTlar conversion factors fof}ghese non-dollar impact measures are ‘

:‘1ﬁ?°.
\::{ R

discussad in Appendix 3.
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¢ Impacts which are quantifiable’In monetary terms ( €.9., consumer
tiTﬁiexpgessed in terms of monetary units per hour of time saved or
uttlized = . PR

o Impacts which are quantifiable but not in monetary terms ( e.g., air
.. or noise pollution measured in terms of pollytant roticles per million
or in decibels, respectively)

o Impacts which are considered non-quantifiable (e.g. aesthetic effects,
loss of competition)

The above listing is in order of increasing difficulty in quahtitatively

- assessing the impact. Regardless of the difficulty of expressing a type

of impact in monetary terms, all significant 1mpﬁcts should be identified

and taken into consideration as appropriate at each stage .of the analysis.
As a general rule, even crude analysis of costs and benefits can be '

useful 1f discussed in the proper context. It is important, however,

to state explicitly how reliable a given figure is. Where accuracy of

data is doubtful, suitable caveats should be stated, surrogate measures

used, or a sensitivity analysis performed. It is also extremely important

~ to assure that monetary values used as a proxy for non-monetary impacts

(e.g., value of time) are clearly identified, and that sensitivity ana1y§19
Lol

is performed where the choice of different monetary values would significantly

affect the analytical results. g .,

In the cost analysis, it is important to distiﬁaui;h between r2al "

Lmw

resource costs (e.g., labor or capital investment) and financial transfgrs _

{e.g., taxes or insurance premiums). Tranifer payments should not be_f?;

incTuded 1h the calculation of real resource costs, but they should_ﬁeéeﬁth?;55§“
.’ P - ;!/'
be fdentified. . -% _ . -

by S g

-

8. Estimation . = % e

-
A

1+ Costs. Botﬁ:d{rect and_fndirect costs-are generated by regulations.

Cost analysis methodo1o§1es include: engineering cost estimation, market
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pricing. paraﬁétridfcosting.'&ﬁangous costing, Delphi costing, prototype
development, tear-down costing, and ¥ndustry survéyé using written questiannaf?es{
These approaches ma;?be uséd siﬁgTy or in combinations to estimate the
incremental costs of compliance.

2. Benefits. Quantification of benefits poses singular problems.
In the'case of cost-savings (such as paperwork reduction or time savings),
hours saved and salaries not expended can be calculated. The benefits

of a safety or environmental regulation are reduced damage, injury, and

~Toss of life, representing the difference between the situation with a-

given alternative and that without ft. Historical data, such as accident

. statistics and insurance claims, can be useful in making these estimates.

Modeling is also used.

3. Conventioﬁs for Calculation of Costs and_Benefits. A detailed

discussion of suggested conventions for the calculation of costs and benefits
is presented in Appendix 3.' Included are-economic 1ives for facilitfes
or equipment, calculation of personnel and other administrative costs,

time-phased costs and benefits, and suggested values of life and time.
1

o
L}

W



13

Iv. EVALUATION OF BENEFITS AND COSTS -

—
-

There are a number of ways of evaluating the costs and benefits of

regulatory alternatives once they have been estimated.

A.

Basic Evaluation Techniques

The analysis and comparison of aiternatives is usually based on one

of three basic approaches:

Numerical benefit-cost analysis involves‘'only one measure, usually .

dollars, and the formulation allows the decision-maker to contrast
directly dollars of bengfit.and dollars of cost. Its advantages are

that it indicates whether the benefité of any a1te:hat1ve exceed fts

costs and permits ranking various alternatives by single-number 1nd1caFors
such as net benefit, breakeven year, and internal rate of return.

An example of a summarized benefit-cost analysis of NHTSA's auto bumper
standard is found in Table 2.

When some significant impact components cannot be expressed in dollars

or another com‘éh measure, a cost-effectiveness formulation is used.

This {s often applicable to safety work becauge of a general distaste

and reluctance to try to quantify deith and sdfteriﬁg in dollar térm§.

'Jff avoids having to place a value 6; 1ntang1bles such as a human 11fe,

and al]ous the decisionmaker to contrast a1ternatives in the form ﬁ;

_of ratios, such as fatalitfes foresta]]ed per pub11c dollar expenditufe.- B

An exampIe of a cost-effectiveness array appears in column C ‘of Table 3:?/’:'

L -
- - JE ) . "‘I - )



) @
b ? 'y * ) .
N . TABLE 2 - EXAMPLE, .EHEFIT-COST-MY

'0

DEVELOPED FOR THIS EXAMPLE DNLY rnon' NHTSA_EVALUATION OF BUMPER STANDARD, APR i981 *
~FLLTOSTS K BRHEFTYS TN 1979 DOCLARS PER AR

.. 1] Base Case FTternative ¥ TATternative 2 Mtermative 3 Afternative
& K) : " Pre-Standard (1972) Present Std Present Present 1973 Std
: . |- {Both Front & Standard Standard Front 5 MPH
Lost or Benefit Component’ [UnTts | FIN F . __ Resr) Front Only Rear Only Rear 2t MPH
{Purchase Cost of Bumper System $ 97 50 a7| 186 99 - 87 139 :
*sIncremental Purchase Cost{Std-base a9 49 4™ 42%
{one time cost,not discownted) .
[Bumper System Meight s, | » a ®»| ne 63 55 12 |
Incremental Neight {Std-base) Tbs, » 22 17 - fa '
2[10 yr. Fuel cost for added waight : A 43 ' FT] 19 ey
wit*Discounted Incremental Fue) Cost : Akd 0™ il P 52
8 (10 years ¢ 10%) ' .
*ihiscounted Cost for Secondary . . : :
Hefght(.5 ratio ® $.60/1b) . 30 ** 174 13ae _A]ee
*+T0TAL DISCOUNTED LIFE COST . ) L [ OB ee RE T
Cost per Unreported Damage Incident 59 | 188 127 168 165 - .12 B k]
|Da|nqe Incidents/car/year .073 040 034 .058 022 0% 055
Damage Lost/car/year n.a 1.42 .34 9.4 a2 { . 6.14 7.68
‘[Saving with Std./car/yr.(Base-std) . 1.87 in -] {1.80) f° ] 3.97
**Discounted 10 Year Saving - 13 250 " {12)e | ="
z[Repair Cost per Insurance Clafm | § 669 745 544 78 M -~ 618 682 R
Titiuwber of Clatms/car/year 5 J02 0627 0394 | 0617 .0353 0265 .0896 .
#(Claim Cost/car/year ' i 68.24 %.N 20.43 | 48.00 .45 16.38 61.11
S[Saving with Std./carfyr.(Base-std) 20.24 15.26 $.05 | — 7.13
**Discounted 10 Year Saving . $ 1394 1054+ 354e . - 63w
SESEFTT{UMREPORTED+CLAING) .| ¢ 152 ** 130 ** 234 107 ou
**NET BENEFIT {GROSS BENEFIT-COST) | { "o {as)* (281"

* “'. g
possible future standards,

¢ Starred mmbers in the right iund colum of the alter.c:ives are sctual components of the final net benefit.

The process for evaluating future standards would, howsver, be the same.

1 1981 NHTSA document evalyatés present and past bumper standards to sssess the meed for change -= {t does mot present or evaluate

Other mumbers for the base

crse 2nd in the left hand colum of the sltermatives {llustrate steps in the procets, For imstance, on the first line the purchage cost of
the standard front & rear busper system ($185) less the purchase cost of the base case front & rear system ($97) ylelds the tacremental

' purchase cost ($09), °

bl



I _ Table 3

RANKING oF COUNTERMEASURES BY BECREASING COST EFFECTIVENESS IN PRESE
PER TOTAL FATALITIES FORESTALLED - 10-YEAR TOTAL .

) FATALITIES
COUNTERMEASUNE FONESTALLED
kY n
N .
Y. nmn Mondetery Sefety Bolt Lioge . 5,000
: g: gg: "lby-da I(l:° “m:-‘::b:‘;l Sofety Curvicuium ONorings ‘ s
- icycle vinn 64
o, 1401 Nationwicks 66 mph Speed Limi ot 31,900
| 9 1232 Driver tenproveswent Schools N 2410
oo TR ey S Werning Signs ' et
. 'm
01 1532 Peesirien Setety Mnfermetion snd Educotion ' 490
9, n» Skid Revistance 3.7%0
10, 204 Bricige Puily and Parapets , 1.520
1, 2334 ongWay Entry Avoidencs T 4 e
12, 11 Driver improvemmnt Schooks for Yeung Offendare a2
" 1604 Motorcycls Rider Satety Helmety 1,150
14, 1630 Motarcycle Lighte-On Praciice o5
ey g
V2. 3430\ Selective Traific Enforcement 7.560
10, 1402 Combined Alcohal Selety Actien Coumsrmmsneres $3,000
", 1102 Citizen Awisronce s Cresh Viciime 3,750
0, . 2208 Median Burriers 528
. 1530 Pedestripn snd Bicycle Vislbitity Enhanssment } 1,490
2. 3130 Virn ondt Braking System Selety Crtical Impection—Bulactive 4,50
n, 12 Warning Leviers to Problem Drivery . 192
¥ f%: |np:L£¢§J:uuﬂt.hunnrtuungnwuu ' a:g
28, (!
20, nie Intersection Sight Distence 260
27, 1105 Combined Esmrgrney Mudical Counttrmassures 9,000
n, 212 Upgade Trattic Sigrals ond Syserm . 3,400
», 2334 Rosdway Lighting b )
0, N Trattic Chennclization 13
M, nn Periodie Motor Vehicle fvapertion--Owrent Practice 1,840
.. %0 Paverrmant Marhings and Delinssten . 27
2. :’c:g: :mmm-mumum :':ono
M, . wigr Widening « v
V2, - 2335 Roilcosd Highway Greds Cromig Prowction (Autemetic gotes s nchuded) 278
», T ann Poved or Stebitired Shouldws /an
n. 232+ Rosdway Alignment snd Gradiems 00

NT VALUE BOLLANS

FORESTALLED

-

...-‘...'..
IR H T
ﬂeﬂﬂﬁ.oo

1
1

DOLLARS PER
FATALITY

s08
20.000
20,400
21,200
24,400
34,000
34,100
36900
47.200

49400
$2.500 ;
83200
80,600
. 108,000
116,000
132,000 '
164,000
209,000
228,000
230,000
251,000
26,000
284,000
385,000
420,000
£38,000
810,000
936,000
1,660,000
2.120,000
2,700,000
2.910.000
3,460,000
3530000
5,500,000
7,580,000

NOTE: Aﬁ_ﬂu'vi-iﬁ-'uuwummmmnmw“mnm-m-n“MMdn

Aot iscwimd in Chapeer |, Section 1.3,
2t AR -

Sour¢e: U.S. DOT, The National Highway Safet Needs Report, Report of the Sec
T - the United §_tates Congress pursuant to Sictlljon 225 of the Hiohwav

retary of Transportation
Safatv Art aof 1971,

5t
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Cases can arise when dealing with death and.injuries where the -
cost-benefitnfqrm of analysis is desirable, and analysts have

tried various methods of formulating a dollar value for the lives
saved. Some analysts have tried to impute costs of death and
injery by examinieg {nsurance cla‘ms paid. Others have tried

to calculate how much society or the nation has shown itself willing
to spend to forestall a fatality. Still others have 1mputed a
dollar value on fatalities (and injuries) by tabulating the costs

to societ} of the loss. These methods result {n a minimum statement
of the cost of the death (in the form of lost income and hospital
and burial costs) that makes no attempt to quansify the pain,

grief or suffering associated with it. Such estimates are found

in Table A-1 of Appendix 3. Parameter values should be carefully
chosen and justified, for they 1nf1eence the final benefits calcu-

lation heavily.

When properly used, quantitative anaIysis of costs and benefits

helps provide decisionmakers with a ratfonal basis for examining

and selecting alternatives. Both the analyst and decisjonmaker

must recognize, however, that assigning a numerica1 or do!lar

value to an uncertain impact does not remove the uncertainty. _

but could conceal it from the unwary.” Therefore, complete infdéﬁation
should be provided on any subjective judgments or relative]y uncertain
assimpt ions in the analysis. s Lo égﬁﬁ-

Hhen sfgniffcant costs or benefits cannot be reduced to'a common f
measure, partjcuiarly whep there 1s more than a single simple

oﬁjective. it may be necessary to assess tradeoffs between
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'severai sets of benefits and costs. In such analyses, the various -
costs andwbenefits are monetized or otherwise quantified where
possible; ell benefits and costs, incTuding those that are nonquanti-
fiable, are clearly set forth for each alternative; and the significant
tradeoffs.betﬁeen the various costs and the benefits are explained.

B. Comparison of Benefits/Costs

1, Calculation of Present Value. Many of the costs (as well as the

benefits) will be spaced out through time, and there may be both one-time
and.recdrring'costs. The analysis muss take the differences and the time-
phasing into account. This is accomplished by converting all future expenditures
(and returns) into their value as of some common point in time, usually

the year the decision is to be made. The process used is known as discounting,
or present valuing. OMB Circular A-94 prescribes the use of a 10 percent
discount rate for analyses submitted to the Office of Management and Budget

in support of legislative and budget programs. Discounting should also

be used in regulatory evaluations. However, the analyses should include

the actual time-phgsgd costs, possib1y'1n an appendix, because the decisionmaker
mey want to consider alternative time phasings.- An example of the application
of the 10 percent discount rate 1in the caTcu]ation of present value 1s

given in the OMB’ circular, uhich §s included as Appendix 4.

2. Constant Dollars. 1In an era of inflation, the value of a dollaf

erodes thrdﬁdﬁ time. Therefore, ﬁot only must the stream of expenditufes-

be converted to their reIative value at a common point in time by the ;?;eﬁ
discounting described above, but they must also be converted to. a common -
purchasing value, This s accnmp]ished by the use of constant dollars, '

usua11y based in the year the deciston is to be made. The advantage of
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this procedure is that cost or expénditufe estimates known in terms of
today's dollars ci@ﬂﬁe,uSed, and the need to make estimates of future
inflation rates is avoi&ed. ‘Hhen cost estimates are available only in
feFms of future or past dollars, they may be converted to constant dollars
through the'use of various series of indices (e.g., the CPI, the GNP deflator).
Use of these indices will vary with the applicaiion. The use of constant

dollars eliminates the need to add inflation to dollar cost estimates.

3. Treatment of Uncertainty oé Risk. An impact is said to be subject

to uncertainty when it is not possible to predict or specify the magnitude
of the impact within a_nafrou range. For example, fegulatory analysis
regarding airbags in automobiles gives rise to uncertainty with raspect
to both increased automobile costs as well as fatalities forestalled and
injuries avoided: costs estimated by diffe;ent sources vary by 50 percent

or more, and there is comparable variability in estimated .levels of benefits.
Two of the procedures for handling uncertainty or risk are listed below:

o Expected value approach (i.e., weighting of various possible
consequences by the probability of each conseguence occurring in order
to find a weighted average or mean). When the probability distribution
of an impact component §s known, it s generally preferable to calculate
an expected value of that component. This technique can be helpful
for .cases invo'ving impacts with very high vaTyes and very low probabili-
ties, such as - regulatfon to Tower the probability or consequences-,
of a catastrop. ic accident. In these cases a decision 1s sometimes
made to spend more than the expected value as a hedge against uncertainty.

o Pessimistic/optimistic approach {i.e.; use of various possible values

of impact components to determine the corresponding range of efficacy. .
—of the alternative). When the probabitity distribution of an impact’ -
componént 1s not known, but the range of values s known, the analyst g;f;;
first performs_the analysis using the lowest reasonable value of each g
benefit subject-to uncertainty and the highest reasonable value of _ .-

. each cost subject -to uncertainty {the pessimistic approach); and then.
performs the analysis usingfﬁhe highest reasonable value of benefits

. and the lowest reasonable level of costs (the optimistic approach}.

- This method §s a form of sensitivity analysis (discussed in the section
that follows). :




13

The expected va1ﬁe approach is*preferable when the underlying probability |
distributions can be estimated since it is relatively easy to understand,
represents a ueighted average of possible outcomes, and results in a singIe
value for an impact subject to variability. If the necessary information
for the expected value approach fs not availabie. then the pessimistic/
optimistic approach may be used. The two approaches may also be used
fn conjunction with each other. The methodology utilized to deal with
unce}tafnty should be clearly identified and described in the svaluation
report. A more detailed discussion of risk assessment is contained in

Appendix 5. ' ‘ -

4. Sensitivity Analysis. This type of analysis {is usualiy applied

in a situation where there are a few key measures about which there s

a great deal of uncertainty. Instead of using expected values for these
parameters, the analyst may use several va1ues_(e.g.. high, medium, and
Tow) in an attempt to see how sensitive the ranking of alternatives is

to variations in the ,uncertain parameters.

The simplest way to begin sensitjeity ana1ysis is to vary only one

input element at a time while keeping alT others at their nominal Ievel.

-

Elements uhich can be varied include: es*imates of impacts, d011ar conver-
sions of non-doliar measures, the discount rate, the period of ana1ysis.

and the design (e.g., timing, scaling, techno1ogy. and configurationl _
of the alternative. Timing studies, which indicate the effect of postponingnik;:

or advancing 2 project. can be particulariy useful. Financial contro1s v

.....

such as user charges. taxes. and subsidfes may a!so be varied.
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If it s not feasible to do a complete sensitivity analysis, the most -

cructal candidates For variation should be those data estimates and assumptions

which are considered esperially uncertain or influent{al.

Contingencj analysis is a variation on sensitivity analysis. This
kind of aﬁa1ysis is the investigation of how the ranking of alternatives
holds up when a relevant change in eriteria for evaluating the alternatives
is postulated, or a ma}or change in the general environment s assumed.
Expected levels of both.benefits-aﬁd costs may ;hange considerably. under ‘

contingency anzlyses, and may result in a different ranking of options.

a3

W
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S B PRESENTATION OF RESULTS -
Once all cosi?faﬂd=béhef1ts have been calculated and assessed {including
non-quantifiabie costs and benefits), the results must be presented to
the senior officials who will eventual?y be making the decision on which
alternative course of action to adopt. Both they and subsequent reviewers
must be satisfied that there s adequate 1nformaiion concerning the need

for and consequences of the proposed action, that the potential benefits

" to society outweigh the potential costs, and that the best alternative is

selected {as discussed below). Further, the decision-making officials
must be assured that the proposed solution will in_fact work as expected,
and not result in a regu1atofy failure,

To do this, complete and concise information must be provided on each
of the major alternatives. They should be ranked in order of preference,
and it shou]d be clear why the recommended alternative is the best solution.

There should be an explanation of the mechanism by which each alternative

| is expected to yield the anticipated benefits. When only one feasible

alternative to the base case is presented to a decisionmaker, that alternative

must be demonstrably cost-beneficial, and indication must be given as

~ why the‘probiem cannot be handled in other ways. -

e

Sy

A. CIxpressing Results E o o

1. Numerical benefit.cost analysis. Numepica1 benefit-cost analysis _fl

allows severa] ways of comparing the merits of each a1ternative. One. .

-
-

method s the ranking pf alternatives by discounted net benefit. uhich

is the remainder uhen présent va1ue 1ncrementa1 cost is subtracted from

present value incremental benefit. An exaanevappeared in Table 2. The
. . i

present value benefits, costs, and net benefits of tbe proposed regulation
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and each of the a1tgrnat1ve.appr§aches must be presented, along with cééts
and benefits that cannqplbé quantified in monetafy or other terms (see also
paragraph 3 below fo;uﬁigcussion of presenting tradeoffs when there are
non-monetized costs and bénefits).

" Alternatives may also be ranked according to iie ratios of their present'-
value benefits to present value costs (benefit-cost ratio}, net bgnefit
to cost ratio, or internal rate of return. Tﬁese techniques and their
advantages and disadvantages are discussed in several of the reference

texts.* These less-frequently used technigues are appropriate in certaih

' analysis; generally. OMB prefers the net present value techn!ﬁue.

Since it 1s not necessarily true that the alternative with either
the highest quantitative net benefit or the best benefit/fost ratio is
always the preferred solution, neither of these measures can be the sole
decision criterion in every case. Neither takes into account the magnitude
of the cost burdens or possible non-quantifiable beneffts or costs. FoF
example, regarding the question of cost magnitude, over a 10-year period
Alternative A may indicate benefits of $8 bi!lion; though costing $2 billion,
while Alternative B may ingicate benefits of $1.5 billfon, though costing
$500 mil19on. The met benefit of A is $6 billion and its benefit-cost
ratio 4:1; while the net benefit of B is $1 billion 4nd its benefit-cost
ration 3:1. Although A is m.re beneficial than B by ;;th criteria, the
decisionmaker must also weigh whether the nation or the'industéy can affoé&'

$2 billion in-additional costs to achieve this objective, regardless of':*;, :

-~ — -

how maritorious 1t is.

- s
“""“‘A'
= ) - v ix -
- A

* Note particu1ar1y Halvorsen and- Ruby, pages 46-52, and Mishan, Cost-
Benefit Anatysis, pages 231-233.
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2. Cost-effectiveness. In cases where benefits cannot be measured -

in dollars, it is sometimes pcssible to rank alternatives according to

cost-effectiveness criteria. One technique, least cost fr.ra given level -

of effectiveness, is applicable when more than one alternative can reach

the desired level of effectiveness. A second, most effectiveness for

8 _given cost constraint, is applicable when there is a 1imit on costs

that can be expended to achieve an objective. The cost effectiveness

ranking can be highly informative as to the overall merit of varjous alternatives.

as was seen in Table 3.

3. Tradeoffs involving non-quantifiable or non-commensurable benefits

or costs. In general, the presentation of results should begin with costs

and benefits that are measurable in dollars, followed by those that are

non-monetary but quantifiable, and finally, those that are non-quantifiable.

Placing these last effects in context is one of the most difficult
areas for the analyst and the senfor official who must eventually decide
on the action to be}teken. Common kinds of non-quantifiable impacts {besides
pain, grief. and suffering, noted previously) are new procedural or legal
precedents, government intrusions into privacy, decreased or 1ncreased
mcbility. deterrence to 1nnovation or productiv:ty growth forced shifts»
in employment status, or epparent inconsistencies uith other goﬁernment

”

or Departmental policies. -

"ﬂhen there are ncn-quantifiabIe benef is or costs, or where there are 3/ '
quantifiable benefits or costs that cannot be measured in the same scale _ =
(e. g.. monetary costs vs. eir Que11ty benefits vs. savings of lives vs.
noise ‘benefits), these varicus costs and benefits should be discussed, and
preferably displayed 1n ‘tabular form. The major costs and the major benfits

of each alternative should be succinctly summarized. Where possible, the



tradeoff imp?ications-of choosing each alternative should be identified.
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For Examp1e. for ;%poTIucion ocevention rule the choice of one alternative
may imply a certain marginal value of the cost of an ofl spill avoider
whereas the choice of another alternative may imply a different value.
Sometives there are a large number of non-commensurable factors and the

traeoff eneTysis becomes quite complicated. In those cases, clarity of

- presentation is particularly important.

4, Impacts on Different Grouos. If the benefits and/or costs are

significantly differentiated by subgroup, the 1mpfications of -this divergence

should be noted so that the decisionmaker will be aware of it. The aﬁa]yst

- should make no attempt to weight mathematically the impacts toward or

away from a particular group in the net benefits calculations, but simply

break out net benefits by subgroup. However, if this uneven impact is
considered important, it may play a role in the chofce of a recommended
aiternative; 1f'so. it should be so noted and justified in the recommendations
section.

B. Organizing the Report

The table of contents of this handbook represents 2 rough outline
of a final report. The analysis of euch eiternotive, inc1ud1ng both eSrimation

and evaluation. should be presented separate1y. beginning with the base N

case. .

”
L4

The final section of the evaluation shou1d contain concTusions and
recommendations for ruTemaking. If the proposed reguTation {s not the ég?;‘
most cost beneficia1 of the aIternatives discussed. this sectioh should -

explain the legal and other reasoos why it is recommended.

J ", . i
;



. 25

-

If none of the other alternatives is attractive vis-a-vis the base

alternative, then;giihgr-additional alternatives should be defined and

evaluated or the base alternative accepted as the best course of actjon.

A strong executive summary is extremely {mportant. It should contain
all the essential informatiin needed by the decisionmaker and should be

capable of standing alone.



